Peer-to-peer (P2P) systems are used by millions of users everyday. In many scenarios, it is desirable for the users from different P2P systems to communicate and exchange content resources with each other. This requires co-operation between the P2P systems, which is often difficult or impossible, due to the two following reasons. First, we have the lack of a dedicated routing infrastructure throughout these systems, caused by the incompatibilities in overlay networks on top of which they are built. Second, there are incompatibilities in the application protocols of these systems. In this paper, we introduce a new model for backwardcompatible co-operation between heterogeneous P2P systems. The routing across systems is enabled by introducing a super-overlay formed by a small subset of peers from every system, which run an overlay protocol called OGP (Overlay Gateway Protocol). The incompatibilities in the application protocols are solved by a co-operation application, running on top of OGP, bridging these systems at interface level. As a real application, we present a protocol named Inter-network File-sharing Protocol (IFP), running on top of OGP, aimed at co-operation of P2P file-sharing networks. The experimental results performed on the large-scale Grid5000 platform show our model to be efficient and scalable.
Introduction
Nowadays, many distributed systems, such e.g. those involving P2P file sharing, P2P instant messaging, cloud computing etc, are built on top of various overlay networks. These overlay networks can differ from each other in many aspects, such as topologies, routing algorithms, types of queries, and message-encoding algorithms, and this differentiation propagates into the application protocols built on top of these overlay networks, as well. These particularities result in an overall incompatibility of P2P systems, and impede their cooperation. As for our motivation, there are clear advantages in facilitating the cooperation of these systems, such as increased content resources, easily achievable content redundancy, and saved storage.
In this paper, we introduce a new model targeting cooperation of P2P systems. The model consists of two parts, which bridge the involved systems at the routing and application layers, respectively. The first part is the OGP routing framework, including the OGP protocol, an extension of Kademlia [1], which allows efficient routing among heterogeneous overlay networks. OGP is run only by a small number of peers from each of the standard overlays, in addition to their native protocols. These peers form a super-overlay (the OGP overlay) equipped with efficient algorithms to perform unicast, broadcast, and multicast of messages from one standard overlay to the others. Peers forming the OGP overlay can reach across standard overlays, and act as gateways for peers especially created for taking advantage of OGP which run a lightweight version of the OGP protocol. The OGP and lightweight OGP protocols together form a framework for inter-routing between heterogeneous standard overlays. The idea of OGP was briefly introduced in our poster paper [2] .
The second part of the model is a cooperation application that makes use of the OGP routing framework, and is responsible for bridging the P2P systems at the application layer with tasks such as transcoding the messages and data from formats of the P2P systems to intermediary formats and vice versa. Since the particular tasks of the cooperation application depends on the application domain, in this paper we only describe the principles of the cooperation application and introduce the IFP protocol for cooperation of heterogeneous P2P file-sharing systems as an example.
Our original approach ensures backward-compatibility, in the sense that the peers, which are unaware of new protocols, can continue to operate normally. As such, the contribution of our paper is twofold. First is the introduction of a new model for cooperation between heterogeneous P2P systems. Second is a concrete example of the model for cooperation of heterogeneous P2P file-sharing networks.
The rest of the paper is structured as follows: in Section 2, we survey the related work. Section 3 presents the system model, which was the motivation of this paper. The routing framework based on OGP and lightweight OGP protocols and the cooperation application are described in Section 4. The IFP protocol for cooperation P2P file-sharing networks is described in Section 5. Section 6 evaluates the model. Finally, in Section 7, we present our conclusions and outline future work.
Related Work
On Cooperation of P2P Systems. Cooperation between P2P systems and inter-overlay routing has served as an inspiration to a number of research efforts. In [3] , the authors introduced a model for cooperation between file-sharing networks, i.e. unstructured overlays, with purely flooding-based queries using the logical links established by several pairs of peers from two networks. In [4] [5] [6] [7] , the authors deal with inter-overlay routing between Distributed Hash Tables (DHT's), i.e. structured overlays, by using co-located nodes, i.e. nodes belonging to multiple overlays at the same time, as gateways forwarding messages between overlays. The co-located nodes also perform the transcoding of queries between overlays. In [4], the original queries from peers in one DHT are sent to the trackers that, in turn, forward them to co-located nodes, in order to reach other DHT's. In [5, 6] the messages from one DHT are forwarded to others only if they randomly touch the co-located nodes while in [7] , the co-located nodes have some auto discovery mechanisms to detect each other, thus the original messages can be sent directly between them. In all previous solutions, the transcoding of messages
